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FIELD OF THE INVENTION 

This invention relates to silver alloy compositions. 

This invention has particular reference to sterling 
silver alloy conqposltions of silver content of at least 92.5% 
for Jewellery, flatware, coinage and other applications where 
a work hardening alloy is required and for illustrative 
purposes reference will be made to this application. 
However, it is to be xmderstood that this invention could be 
used to produce other types of silver alloys suitable for use 
as for example, electrical contacts or the like. 
BACKGROUND OF THE INVENTION 

In general, silver as a material for the production of 
silver jewellery, certain coinage and the like is specified 
to be sterling silver comprising at least 925 parts per 
thousand by weight fine silver and is specified as ".925 
silver". .925 silver accordingly typically ccMnprises an 
alloy 92.5% by weight silver, generally alloyed with copper 
for heurdness traces of other metals as additives or 
inqnzrities . 

Conventional silver allpys of the .925 type have several 
disadvantages in a manufacturing jewellery and other 
materials engineering contexts. Principal limitations 
include a characteristic flrescale formation tendency 
attributable to oxidation of copper and other metals at the 
surface of cast or hot worked pieces. Additionally, 
traditional alloys have exhibited undesirable porosity in the 
recast metal and less than desirable grain size properties. 

Several formulations have been proposed to overcome one 
or the other of the aforementioned disadvantages. United 
States Patent Nos. 5039479 and 4973446 disclose alloys of 
silver and master alloys for the production of such silver 
alloys having superior qualities over conventional alloys, 
and including, in addition to silver, controlled amounts of 
copper and zinc, together with tin, indium, boron and 
silicon. 
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The composl'tlons exhi.bl't reduced porosity, grain size 
and fire scale production, and have acquired wide utilization 
in silver Jewellery production. It Is presumed but not 
established that the addition of zinc to such compositions 
5 provides at least a degree of antioxidant properties to the 
compositions when hot worked and Improves colour, thus 
limiting the formation of principally copper oxide based fire 
scale, and reducing silver and copper oxide formation 
resulting in formation of pores in the cast or recast alloys. 
10 Silicon appears also to function as an antioxidant, thereby 
reducing flrescale formation. 

A disadvantage of the hereinbefore described flrescale 
resisting alloys Is that the alloys exhibit poor work 
hardening qualities thus not achieving the mechanical 
15 strength of traditional worked .925 silver goods. 
DISCIiOSURE OF THE INVENTION 

The present invention alms to provide silver alloy 
compositions which substantially alleviate at least one of 
the foregoing disadvantages. A fuz^her object of the present 
20 invention is to provide silver alloys having the desirable 

properties of reduced fire scale, reduced porosity and oxide 
formation and reduced grain size relative to traditional 
sterling silver alloys whilst providing improved work 
hardening performance over the current flrescale resistant 
25 alloys* Other objects and advantages of this invention will 
hcurelnafter become apparent. 

With the foregoing and other objects in view, this 
Invention in one aspect resides broadly in silver alloy 
compositions including : • 
30 about 80 - 99.0% by weight silver; 

about 0.5 - 6% by weight copper; ; 
about 0.02 - 7% by weight of a flrescale resisting 
additive selected from one or a mixture of zinc and silicon, 
and 

35 about 0.01 - 2.5% by weight germanium. 

The silver content of the alloy may be selected to be in 
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the amounts commonly specified for grading silver. For 
example, the alloy may comprise from about 89 to 95% by 
weight silver. Preferably, the alloy contains a proportion 
of silver required for the graded application to which the 
5 alloy is to be put, such as .925 silver, that is at least 
92.5% by weight, for sterling silver applications and at 
least 90% by weight for coinage. 

The copper content of the alloy may be selected 
according to the hardness required of the cast alloy. For 

10 example, for manufacturing Jewellers .925 alloy, the copper 
content may advantageously be in the range of from about 2.0 
to 3.0% by weight. 

The zinc conten-t of the alloy has a toeai-ing on the 
colour of the alloy as well as functioning as a reducing 

15 agent for silver and copper oxides. Preferably, the amount 
of zinc used is selected to be between about 2.0 and 4.0% by 
weight. The silicon content of the alloy is preferably 
adjusted relative to the proportion of zinc used to provide 
the desired firescale resistance whilst maintaining a 

20 suitable colour ccMomensurate with the zinc content of the 
alloy, and may for example advantageously fall within the 
range of about 0.15 to 0.2% by weight. 

The germanium content of the alloy has surprisingly 
resulted in alloys having work hardening characteristics of a 

25 kind with those exhibited by conventional .925 silver alloys, 
together with the firescale resistance of the hereinbefore 
described firescale resistant alloys. In general. It has been 
determined that amounts of germanium in the alloy of from 
about 0,04 to 2.0% by weight provide modified work hardening 

30 properties relative to alloys of the firescale resistant kind 
not Including germanium. However, it is noted that the 
hardening performance is not linear with increasing gennanium 
nor is the hardening linear with degree of work. 

Preferably, the alloy also includes rheology modifying 

35 and other additives to aid in improving the castability 

and/or wetting performance of the molten alloy. For example. 
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about: 0.0 1:o 3*5% by weight: of a modifying addl-tlve selected 
fxtm one or a mlx-ture of Indium and boron may be 
advantageously added to the alloy to provide grain refinement 
and/or reduce surface tension, thereby providing greater 
5 wettability of the molten alloy. Where used, preferably the 
amount of boron utilized in the composition is from about 0 
to 2% by weight boron and/or about 0 to 1.5% by weight 
indium. Other alloying elements may be added such as gold, 
tin or platinum. Where tin is Included in the ccmiposltion, 
10 this may be advantageously used up to about 6% by weighty and 
is preferably utilized in an amount of from about 0.25 to 6%. 

Accordingly, in a further aspect, this Invention resides 
in silver alloy compositions including:- 
about 89 - 95% by weight silver; 
15 about 0.5 - 6% by weight copper; 

about 0.05 - 5% by weight zinc; 
0.02 - 2% by weight silicon; 
about 0.001 2% by weight boron; 
about O.Ol - 1.5% by weight indium, and 
20 about 0.01 - 2.5% by weight germanium. 

In a further aspect, this Invention resides in silver 
alloy compositions including:- 

about 89 - 95% by weight silver; 
about 0.5 - 6% by weight copper; 
25 about 0.05 - 5% by %ieight zinc; 

about 0.02 - 2% by weight silicon; 
about 0.001 - 2% by weight boron; 
about 0.01 - 1.5% by weight indium; 
about O.Ol - 2.5% by weight germanium, and 
30 about 0.25 - 6.0% by weight tin. 

Of course, it is of advantage to the manufacturing 
metallurgist to be able to alloy fine silver without having 
to Individually measure components. Accordingly, it is 
preferred that the compositions of the present Invention be 
35 formed by the addition of a master alloy to fine silver. 

This also has the advantage that the master alloys are easier 
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to transport than the made up alloys. Additionally, 
oxidizable components of the alloy are more stable to 
atmospheric oxidation when alloyed. Accordingly, in a 
further aspect this invention resides broadly in master alloy 
5 compositions for the production of silver alloys and 
including, by weight: 

about 2.5 - 99.85% by weight copper; 

about 0.1 - 35% by weight of «inc or silicon or mixtures 
thereof, and 

0 about 0.05 - 12.5% by weight germanium. 

For production of the preferred modified alloys, there 
may be provided master alloys including additional alloying 
elements such as up to about 10% by weight boron, up to about 
15% by weight indium and/or up to about 30% by weight tin. 
5 Accordingly, in a preferred aspect this invention resides in 
master alloys for the production of silver alloys and 
including: 

about 2.5 - 99.55% by weight copper; 
about 0.25 - 25% by weight zinc; 
;0 about 0.1 - 10% by weight silicon; 

about 0.005 - 10% by weight boron; 
about 0.05 - 15% by weight indium, and 
about 0.05 - 25% by weight germanium. 

In a yet further aspect this invention resides in master 
15 alloys for the production of silver alloys and including: 

about 2.5 - 99.55% by weight copper; 

about 0.25 - 25% by weight zinc; 

about 0.1 - 10% by weight silicon; 

about 0.005 - 10% by weight boron; 
to about 0.05 ~ 15% by weight indium; 

about 0.05 - 25% by weight germanium, and 

about 2.0 - 30% by weight tin. 

In order that this invention may be more readily 
understood and put into practical effect, reference will now 
t5 be made to the following example which describes a preferred 
embodiment of the invention. 



wo 95/14112 



PCT/AU94/00351 



6 

EXAMPLE 1 

An alloy consl8l:lng of the following constrilruents (by 
weight) and being in accordance with United States patent No. 
5039479 was provided as a first control: 



5 silver 92.5% 

copper 3.29% 

zinc 3.75% 

indium 0.25% 

boron 0.01% 

10 silicon 0.2% 



This alloy is known as and will be refexrred to 
hereinafter as ••UPM alloy". As a second control^ a 
commercial sterling silver was used, comprising 92*5 % by 
weight silver and the balance mainly copper. 

15 Samples of the controls were cast and the hardness of 

each were measured as cast, at 50% and 75% work and annealed, 
according to the Vickers hardness VH scale* As used 
hereinafter the terms "50% work" and "75% work" mean 
subjecting a cast sample to cold rolling to 50% and 25% of 

20 its original thickness respectively • 

Three alloys A to C in accordance with the present 
invention were prepared to the following ocuapositions : 





ALLOY A 


ALLOY B 


ALLOY C 


Ag 


92.5 


92.5 


92.5 


Cu 


2.35 


3.25 


3.0 


Zn 


2.82 


3.75 


3.14 


Si 


0.19 


0.2 


0.15 


B 


0.01 


0.01 


0.01 


In 


0.23 


0.25 


0.2 


Ge 


1.9 


0.04 


1.0 



The three alloys were cast into samples as per the 
controls and were tested for Vickers Hardness as cast, at 50% 
and 75% work and annealed. The hardness results for the 
controls and alloys A, B, and C are as follows: 
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ALLOY 


VH AS 


CAST 


VM @ 50% WORK 


VH @75% WORK 


VH ANNEALED 


STERLING 


75 


.4 


133 


150 


59 




UPM 


67 




135 


153 


58. 


.3 


A 


70 


.2 


146 


150 


59. 


.6 


B 


72 


.4 


135 


143 


61. 


.3 


C 


77 


.2 


123 


159 


63. 


.6 



It: can be seen -that t:he alloy B having only 0.04% by 
weight: Ge is harder than UPM and softer than Sterling when 

10 cast, but that all three alloys are on par at 50% work. 

Alloy B exhibited a softening relative to the controls at 75% 
work and is hardest relative to the controls when annealed. 
Alloy C, having 1.0% by weight Ge, exhibits an as-cast 
hardness on par with sterling, is softer than UPM or sterling 

15 at 50% work, but is markedly harder than these two alloys at 
75% work. Alloy A, having 1.9% by weight Ge, exhibits as- 
cast hardness between that of UPM and sterling, is markedly 
harder than these two alloys at 50% work, but does not 
increase hardness as much as the controls upon further work 

20 to 75%. 

EXAMPLE 2 

A firescale resistant, work hardening 925 silver alloy was 
prepared in accordance with the following formula, expressed 
as percentages by weight:- 



25 Zinc 2.25 

indium 0.075 

Tin 0.075 

Germanium 0 . 125 

Boron 0.003 

30 Silicon 0.20 

Copper 4 . 772 

Silver 92.50 



This alloy exhibited an as-cast Vickers hardness of 
approximately 15% greater than the firescale resistant alloy 
35 prepared without addition of germanium. 

In use, alloys in accordance with the above embodiments 
and in accordance with the present invention may be selected 
by tailoring the germanium content of the alloys to provide 
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desired work hardening characteristilcs* The non-linear 
ef feci: of use of germanium and thB abili-ty -to vary o^er 
elenienlis such as copper provides for produc1:ion of a range of 
firescale resistant alloys of selected as-»cast: hardness and 
5 work hardenabill-ty. 

It will of course be realised that while the above has 
been given by way of illustrative eacample of this invention, 
all such and other modifications and variations thereto as 
would be apparent to persons skilled in the art are deemed to 
10 fall within the broad scope and ambit of this invention as 
defined in the claims appended hereto. 



wo 9S/14112 



9 

CLAIMS 

1. Silver alloy compositions Including :- 
about 80 - 99/0% by weight silver; 
about 0.5 - 6% by weight copper; 

about 0.02 - 7% by weight of a firescale resisting 
additive selected from one or a mixture of zinc and silicon, 
and 

about 0.01 - 2.5% by weight germanium. 

2. Silver alloy compositions in accordance with Claim 1, 
wherein the silver content of the alloy is at least 92.5% by 
weight. 

3. Silver alloy compositions in accordance with Claim 1, 
wherein the copper content of the alloy is in the range of 
from about 2.0 to 3.0% by weight. 

4. Silver alloy canpositions in accordance with Claim 1, 
wherein the zinc content of the alloy is selected to be 
between about 2.0 and 4.0% by weight. 

5. Silver alloy compositions in accordance with Claim \, 
wherein the silicon content of the alloy is in the range of 
about 0.15 to 0.2% by weight. 

6. Silver alloy compositions in accordance with Claim 1^ 
wherein the germanium content of the alloy is in the range of 
about 0.04 to 2.0% by weight. 

1 . Silver alloy compositions in accordance with Claim 1^ 
wherein the alloy includes about 0.0 to 3.5% by weight of an 
additive selected from one or a mixture of indium and boron. 

8. Silver alloy compositions in accordance with Claim 1 , 
wherein the additive utilized in the composition is from 
about 0 to 2% by weight boron and about 0 to 1.5% by weight 
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Indium. 

9. Silver alloy composlliions Ih accordazK:e wltii Claim 1, 
wherein "tin Is Included In *the composition in an amount of up 
to about 6% by weight. 

10. Silver alloy compositions in accordance with Claim 9, 
wherein the tin is utilized in an amount of froD about 0.25 
to 6%. 

11. Silver alloy cc^positions including:- 
about 89 - 95% by weight silver; 
about 0.5 - 6% by weight copper; 
about 0.05 - 5% by weight zinc; 

0.02 - 2% by weight silicon; 
about O.OOl - 2% by weight boron; 
about 0.01 - 1.5% by weight indium, and 
about 0.01 - 2.5% by %«eight germanium. 

12. Silver alloy compositions including:- 
about 89 - 95% by weight silver; 
about 0.5 - 6% by weight copper; 
about 0.05 - 5% by weight zinc; 
about 0«02 - 2% 1^ weight silicon; 
about 0.001 - 2% by weight boron; 
about 0.01 - 1.5% by weight indium; 

about O.Ol - 2.5% by weight germanium, and 
about 0.25 - 6.0% by weight tin. 

13. Master alloy compositions for the production of silver 
alloys and Including, by weight: 

about 2*5 - 99.85% by weight copper; 

about 0^1 - 35% by weight of zinc or silicon or mixtures 
thereof, and 

about 0.05 - 12.5% by weight germanium. 
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14. Mas1:er alloys for liie producrtion of silver alloys and 

including: 

about 2.5 - 99*55% by weight: copper; 
about 0.25 - 25% by weight zinc; 
about 0.1 - 10% by weight silicon; 
about 0.005 - 10% by weight boron; 
about 0.05 - 15% by weight indium, and 
about 0.05 - 25% by weight germanium. 

15. Master alloys for the production of silver alloys and 

including: 

about 2.5 - 99^55% by weight copper; 
about 0.25 - 25% by weight zinc; 
about 0.1 - 10% by weight silicon; 
about 0.005 - 10% by weight boron; 
about 0.05 - 15% by weight indium; 
about 0.05 • 25% by weight germanium, and 
about 2.0 - 30% by weight tin. 

16. A silver composition including, by weight percent: 
Silver about 92.5 

Copper about 2.35 

Zinc about 2.82 

Silicon about 0.19 

Boron about 0.01 

Indium about 0-23 

Germanium about 1.9 

17. A silver composition including, by weight percent: 
Silver about 92.5 

Copper about 3-25 
Zinc about 3.75 

Silicon about 0.2 
Boron about 0.01 

Indium about 0.25 
Germanium about 0.04 
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18. A silver composilrlon including, by weight percent: 
Silver about 92.5 
Copper about 3«0 
Zinc about 3*14 

Silicon about 0.15 
Boron about 0»01 
Indium about 0«2 
Germaniuin about 1.0 

19* A silver composition including, by weight percent: 

Zinc about 2«25 

Indium about 0.075 

Tin about 0.075 
Germanium about 0.125 

Boron about 0.003 

Silicon about 0.20 

Copper about 4.772 

Silver about 92.50 
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